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(57) ABSTRACT

The image recording apparatus comprises: a recording head
which ejects a recording liquid having properties of being
cured by irradiation of radiation, onto a recording medium;
a relative conveyance device which causes the recording
head and the recording medium to move relatively to each
other in a relative conveyance direction; a radiation irradi-
ating device which irradiates the radiation onto recording
liquid deposited on the recording medium; and a pressur-
ization device which pressurizes the recording liquid which
has been irradiated with the radiation, the pressurization
device being provided on a downstream side of the record-
ing head in the relative conveyance direction of the relative
conveyance device, the pressurization device having the
radiation irradiating device provided inside thereof and
having one of a transmissive member capable of transmit-
ting the radiation emitted from the radiation irradiating
device to exterior and a structure capable of transmitting the
radiation to the exterior, wherein a pressurization start
position of the pressurization device at which pressurization
of the recording liquid on the recording medium starts is
situated further to the downstream side of the recording head
in the relative conveyance direction of the relative convey-
ance device than an irradiation start position of the radiation
irradiating device.
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IMAGE RECORDING APPARATUS AND IMAGE
RECORDING METHOD

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an image recording
apparatus and an image recording method, and more par-
ticularly, to image formation technology for forming images
on media using a radiation-curable ink which is cured by
irradiation of radiation, such as ultraviolet light, an electron
beam, or the like.

[0003] 2. Description of the Related Art

[0004] In recent years, inkjet recording apparatuses have
come to be used widely as data output apparatuses for
outputting images, documents, or the like. By driving
nozzles provided in a print head in accordance with data, an
inkjet recording apparatus is able to form data onto a
medium, such as recording paper, by means of ink ejected
from the nozzles.

1. Field of the Invention

[0005] Depending on the type of recording media and the
type of ink used, the deposited ink may permeate into the
recording media, giving rise to bleeding or spreading on the
dots formed on the recording medium, and thus leading to a
marked deterioration in image quality.

[0006] In order to prevent image deterioration due to
bleeding and spreading of the dots as described above,
technology has been proposed which uses a radiation-
curable ink in which curing of the ink is promoted by
irradiating ultraviolet light, an electron beam, or the like,
onto the ink, and hence the ink droplets deposited on the
recording medium are cured and fixed rapidly, bleeding and
deformation (spreading) of the dots formed on the recording
medium, and color mixing between inks of different colors,
is prevented, and image deterioration is avoided.

[0007] The recording apparatus described in Japanese
Patent Application Publication No. 2003-136697 is a record-
ing apparatus having a variable information printing unit for
printing variable information to the outside of the print
region of fixed information on a recording medium. The
variable information recording unit uses an inkjet head
which ejects ink having properties of being cured by irra-
diation of ultraviolet light or an eclectron beam. When
printing variable information, the thickness of the ink is
made to coincide with that of the fixed information, by
setting the thickness of the ink droplets on the recording
medium printed by the variable information recording unit
to =15 pum of the thickness of the fixed information, or
setting the thickness of the actual ink droplets to 15 pm or
less.

[0008] In the recording apparatus described in Japanese
Patent Application Publication No. 2002-283545, an inter-
mediate transfer device temporarily holds ink ejected from
a recording head and transfers the ink onto a recording
medium in a transfer section, and a first light irradiating
device which irradiates light for curing the ink held on the
intermediate transfer device is provided inside the interme-
diate transfer device. Furthermore, in addition to the first
light irradiating device, a second light irradiating device is
provided between the first light irradiating device and the
transfer section, to the outer side of the intermediate transfer
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device, in such a manner that the viscosity of the ink on the
intermediate transfer device can be controlled.

[0009] The recording apparatus described in Japanese
Patent Application Publication No. 2002-283546 comprises
an intermediate transfer device which temporarily holds ink
ejected from a recording head and transfers the ink to a
recording medium in a transfer section, and a cleaning
device which removes ink remaining on the intermediate
transfer device after transfer, by means of a cleaning blade.
A supply roller which supplies a low-friction film forming
member for forming a film having a low coefficient of
friction is provided on the upstream side of the cleaning
blade in the direction of rotation of the intermediate transfer
device, in such a manner that occurrence of recording faults
due to residual material on the intermediate transfer device
after cleaning is prevented.

[0010] In the recording apparatus described in Japanese
Patent Application Publication No. 2002-283555, an inter-
mediate transfer device temporarily holds ink ejected from
a recording head and transfers the ink onto a recording
medium in a transfer section, and a first light irradiating
device which irradiates light for curing the ink held on the
intermediate transfer device is provided inside the interme-
diate transfer device. Furthermore, in addition to the first
light irradiating device, a second light irradiating device is
provided for curing the ink at a desired timing and a desired
location, and by altering the glossiness in accordance with
the type of image being recorded, an image which is
appealing to the user can be recorded.

[0011] However, in an inkjet system which uses ultravio-
let-curable ink, for example, if the ink droplets on the
recording medium are cured by irradiation of ultraviolet
light, then the printed section is formed with a thickness, and
this may appear as a visible relief (step difference) in the
recorded image.

[0012] In the recording apparatus described in Japanese
Patent Application Publication No. 2003-136697, a grinding
apparatus, pressurization apparatus and a heating apparatus
are described as processing units for adjusting the height
(thickness) of the ink on the recording medium, but there is
no disclosure regarding the relationship between the timing
at which the ink droplets are cured, and the timing at which
the height of the ink droplets is adjusted by the processing
unit. Therefore, it is difficult to adjust the height of the ink
droplets to a height within a prescribed range, in accordance
with the state of curing of the ink droplets.

[0013] Furthermore, in the recording apparatuses
described in Japanese Patent Application Publication Nos.
2002-283545, 2002-283546 and 2002-283555, there is no
particular mention of technology for leveling the ink held
temporarily on the intermediate transfer device or the ink
transferred onto the recording medium.

SUMMARY OF THE INVENTION

[0014] The present invention has been contrived in view
of the foregoing circumstances, an object thereof being to
provide an image recording apparatus and an image record-
ing method whereby the occurrence of step differences
between the ink and the media and between inks is avoided
by leveling of ultraviolet-curable ink on a recording
medium, and hence desirable images free of visible relief
effects can be formed.
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[0015] In order to attain the aforementioned object, the
present invention is directed to an image recording appara-
tus, comprising: a recording head which ejects a recording
liquid having properties of being cured by irradiation of
radiation, onto a recording medium; a relative conveyance
device which causes the recording head and the recording
medium to move relatively to each other in a relative
conveyance direction; a radiation irradiating device which
irradiates the radiation onto recording liquid deposited on
the recording medium; and a pressurization device which
pressurizes the recording liquid which has been irradiated
with the radiation, the pressurization device being provided
on a downstream side of the recording head in the relative
conveyance direction of the relative conveyance device, the
pressurization device having the radiation irradiating device
provided inside thereof and having one of a transmissive
member capable of transmitting the radiation emitted from
the radiation irradiating device to exterior and a structure
capable of transmitting the radiation to the exterior, wherein
a pressurization start position of the pressurization device at
which pressurization of the recording liquid on the recording
medium starts is situated further to the downstream side of
the recording head in the relative conveyance direction of
the relative conveyance device than an irradiation start
position of the radiation irradiating device.

[0016] According to the present invention, the recording
liquid ejected from a recording head and deposited on a
recording medium is irradiated by a radiation irradiating
device, and is then leveled by pressurization by a pressur-
ization device. Furthermore, since the radiation irradiating
device is provided inside the pressurization device, and the
pressurization device is composed in such a manner that it
can transmit the radiation emitted from the radiation irradi-
ating device, then it is possible to irradiate radiation until
immediately before pressurization by the pressurization
device (in other words, the irradiation of radiation and the
pressurization of the recording liquid droplets can be per-
formed substantially simultaneously in the same plane), and
furthermore, a curing process by irradiation of radiation can
also be carried during and after pressurization by the pres-
surization device, thus making it possible to maintain the
shape of the ink droplets which have been leveled by
pressurization.

[0017] The radiation includes light, such as ultraviolet
light, electron beams, and the like, and regardless of the
wavelength of the radiation used, it should contain curing
energy for applying to the recording liquid on the recording
medium.

[0018] The recording liquid includes various types of
liquids which can be ejected in the form of droplets from
ejection holes (nozzles) of an ejection head, such as ink,
resist, liquid chemical, treatment liquid, and the like.

[0019] The recording head may be a full line type head in
which ejection holes are arranged through a length corre-
sponding to the entire width of the recording medium, or a
serial type head (shuttle scanning type head) in which a short
head having ejection holes arranged through a length that is
shorter than the entire width of the recording medium ejects
liquid droplets onto the recording medium while scanning in
the breadthways direction of the recording medium (main
scanning direction).

[0020] A full line ejection head may be formed to a length
corresponding to the full width of the recording medium by
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combining short head having rows of ejection holes which
do not reach a length corresponding to the full width of the
ejection receiving medium, these short heads being joined
together in a staggered matrix fashion.

[0021] Moreover, “recording medium” indicates a
medium which receives a recording liquid ejected from a
recording head, and this term includes various types of
media, irrespective of material and size, such as continuous
paper, cut paper, sealed paper, resin sheets, such as OHP
sheets, film, cloth, and other materials. The “recording
medium” may also be referred to as “recording media, print
medium, ejection receiving medium”, and so on.

[0022] Preferably, the radiation irradiating device cures
the recording liquid in such a manner that an interior of the
recording liquid on the recording medium has a liquid state
or a semi-solidified state.

[0023] Since the recording liquid is cured to a state where
it can be leveled by the pressurization device, leveling by the
pressurization device can be performed readily, and further-
more, since the surface of the recording liquid droplets are
cured, it is possible to prevent adherence of the recording
liquid to the pressurization device.

[0024] A desirable mode for curing the recording liquid in
such a manner that the interior of the recording liquid has a
liquid state or a semi-solidified (gel) state is one in which the
recording liquid is cured to a state in which leveling by the
pressurization device is possible and furthermore scattering
of the recording liquid does not occur upon contact of the
pressurization device with the recording liquid. More desir-
ably, the recording liquid is cured to a state in which the
recording liquid will not adhere to the portions of the
pressurization device which make contact with the recording
liquid, when the pressurization device makes contact with
the recording liquid, and when the recording liquid is
pressed by the pressurization device.

[0025] More specifically, the recording liquid is cured by
irradiation of radiation to a state in which it has flexibility
that allows deformation of the recording liquid droplets
when the recording liquid is pressurized (a transient, inter-
mediate state during the change from a liquid to a solid).

[0026] Preferably, the image recording apparatus further
comprises a relative conveyance control device which con-
trols the relative conveyance device in such a manner that a
relationship between a time period T1 from a start of the
irradiation of the radiation onto the recording liquid on the
recording medium from the radiation irradiating device until
a start of the pressurization of the recording liquid on the
recording medium by the pressurization device, and a time
period T2 from the start of the irradiation of the radiation
onto the recording liquid on the recording medium from the
radiation irradiating device until the recording liquid is
cured to a state where an interior of the recording liquid is
in a liquid state or a semi-solidified state and the recording
liquid is capable of being leveled by the pressurization
device, satisfies the following relationship: T1>T2.

[0027] By making the time period T2 from the start of
irradiation of radiation onto the recording liquid on the
recording medium until the recording liquid is cured in such
a manner that the interior of the recording liquid has a liquid
state or semi-solidified state, shorter than the time period T1
from the start of irradiation of radiation onto the recording
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liquid on the recording medium until the start of pressur-
ization by the pressurization device, it is possible to prevent
scattering of the recording liquid, or adherence of the
recording liquid onto the pressurization device, when the
recording liquid is pressurized.

[0028] In order to satisfy this relationship between T1 and
T2, it is possible to vary the conveyance speed of the relative
conveyance device, or it is possible to vary the position or
irradiation range of the radiation irradiating device.

[0029] Ifthe conveyance speed of the relative conveyance
device can be varied, then T1 can be shortened by increasing
the conveyance speed of the relative conveyance device, and
T1 can be lengthened by reducing the conveyance speed.
Desirably, the conveyance speed of the relative conveyance
device is altered in accordance with the type of recording
medium, the type of recording liquid, the environment
(temperature, humidity, etc.), and the like.

[0030] Preferably, the relative conveyance control device
controls the relative conveyance device in such a manner
that a relationship between the time period T1, and a time
period T3 from the start of the irradiation of the radiation
onto the recording liquid on the recording medium from the
radiation irradiating device until the recording liquid is fully
cured to a state where the recording liquid cannot be leveled
by the pressurization device, satisfies the following relation-
ship: T1<T3.

[0031] By making the time period T1 from the start of
irradiation of radiation onto the recording liquid on the
recording medium until the start of pressurization by the
pressurization device, shorter than the time period T3 from
the start of irradiation of radiation onto the recording liquid
on the recording medium until the recording liquid is cured
to a state where it cannot be leveled by the pressurization
device, it is possible to carry out the leveling process by the
pressurization device in a reliable manner.

[0032] More specifically, the conveyance speed of the
conveyance device may be controlled, or the position and
irradiation range of the radiation irradiating device may be
controlled, in such a manner that the values T1, T2 and T3
stated in claim 3 and claim 4 satisfy the relationship
T2<T1<T3.

[0033] Preferably, the image recording apparatus further
comprises a pressure varying device which varies pressure
applied to the recording liquid on the recording medium by
the pressurization device.

[0034] Since a composition is adopted in which the pres-
sure applied to the recording liquid by the pressurization
device can be varied in accordance with the type of record-
ing medium and the type of recording liquid, it is possible
to achieve a desirable leveling process, even when various
types of recording media and recording liquids are used.

[0035] Preferably, the pressurization device comprises a
recording liquid removal device which removes the record-
ing liquid that has attached to a surface of the pressurization
device during pressurization of the recording liquid.

[0036] By removing recording liquid that has become
attached to the pressurization device during the leveling
process, it is possible to prevent transfer of the recording
liquid attached to the pressurization device onto the record-
ing medium during the next leveling process.
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[0037] A desirable mode is one in which a recovery device
is provided for recovering the recording liquid, and foreign
matter other than the recording liquid, which has been
removed from the pressurization device.

[0038] Preferably, the recording head comprises a plural-
ity of recording heads; and the pressurization device is
provided for each of the recording heads, each pressurization
device being disposed on the downstream side of the cor-
responding recording head in the relative conveyance direc-
tion of the relative conveyance device.

[0039] Since a pressurization device and a radiation irra-
diating device are provided for each recording head in cases
where there are a plurality of recording heads, then it is
possible to perform a leveling process by means of a
pressurization device with respect to the recording liquid
ejected by each recording head, and therefore, a desirable
leveling process is performed for each recording liquid
emitted from the respective recording heads, and a desirable
image can be recorded on the recording medium.

[0040] The modes for providing a plurality of recording
heads include a mode in which a recording head is provided
for each respective color in a recording head which records
color images. If a leveling process is performed for each
color, then a desirable image free of non-uniformities
between colors can be obtained.

[0041] Alternatively, it is also preferable that the recording
head comprises a plurality of recording heads; and the
pressurization device is provided commonly for the plurality
of recording heads, on a furthest downstream side of the
recording heads in the relative conveyance direction of the
relative conveyance device.

[0042] If a common pressurization device and radiation
irradiating device are provided for the plurality of recording
heads, then the composition of the apparatus can be simpli-
fied.

[0043] Preferably, the image recording apparatus further
comprises a movement device which moves the radiation
irradiating device in at least one of a direction having a
component substantially parallel to the relative conveyance
direction of the relative conveyance device, and a direction
having a component substantially perpendicular to the rela-
tive conveyance direction of the relative conveyance device.

[0044] By composing the radiation irradiating device in
such a manner that it is movable, it is possible to vary the
position and size of the irradiation region of the radiation
irradiated onto the recording liquid on the recording
medium, and therefore a desirable curing state of the record-
ing liquid can be obtained in accordance with the type or
recording medium and recording liquid.

[0045] Preferably, the image recording apparatus further
comprises: an amount-of-radiation modification device
which modifies an amount of the radiation emitted by the
radiation irradiating device; and an amount-of-radiation
modification control device which controls the amount-of-
radiation modification device in such a manner that, when
the radiation irradiating device is moved by the movement
device, an amount of the radiation necessary to cure the
recording liquid so that an interior of the recording liquid has
a liquid state or a semi-solidified state is irradiated onto the
recording liquid on the recording medium, by means of the
pressurization device.
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[0046] By moving the radiation irradiating device, the
amount of radiation irradiated onto the recording liquid on
the recording medium may be decreased (or increased), and
the state of curing of the recording liquid may not remain
uniform. Therefore, the amount of radiation emitted from
the radiation irradiating device is made to be variable in such
a manner that a uniform (constant) amount of radiation is
irradiated onto the recording liquid on the recording
medium, even if the radiation irradiating device is moved.
Consequently, it is possible to achieve a stable curing state
of the recording liquid at all times.

[0047] In order to attain the aforementioned object, the
present invention is also directed to an image recording
method, comprising the steps of: ejecting a recording liquid
having properties of being cured by irradiation of radiation,
onto a recording medium; curing the recording liquid in such
a manner that an interior of the recording liquid deposited on
the recording medium in the ejecting step has a liquid state
or a semi-solidified state; and pressurizing the recording
liquid after the recording liquid has been cured in the curing
step in such a manner that the interior of the recording liquid
has the liquid state or the semi-solidified state.

[0048] According to the present invention, a radiation
irradiating device is provided inside a pressurization device
which pressurizes and levels a radiation-curable type of
recording liquid deposited on a recording medium, and
furthermore, the pressurization device is composed in such
a manner that it transmits the radiation emitted from the
radiation irradiating device. Therefore, a leveling process is
carried out after curing the recording liquid to a state which
is suitable for leveling, and hence a desirable image is
recorded by means of a suitable leveling process, and
adherence of the recording liquid to the pressurization
device is prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The nature of this invention, as well as other
objects and advantages thereof, will be explained in the
following with reference to the accompanying drawings, in
which like reference characters designate the same or similar
parts throughout the figures and wherein:

[0050] FIG. 1 is a basic schematic drawing of an inkjet
recording apparatus relating to an embodiment of the present
invention;

[0051] FIG. 2 is a plan view of the principal part of the
peripheral printing region of the inkjet recording apparatus
shown in FIG. 1;

[0052] FIGS. 3A to 3C are plan perspective views show-
ing an example of the composition of a print head;

[0053] FIG. 4 is a cross-sectional diagram along section
4-4 in FIGS. 3A to 3C;

[0054] FIG. 5 is a principal block diagram showing the
system configuration of the inkjet recording apparatus;

[0055] FIG. 6 is a schematic drawing showing the com-
position of the peripheral area of the print unit shown in
FIG. 1,

[0056] FIG. 7 is a schematic drawing showing the com-
position of a pressurization roller and preliminary curing
light source shown in FIG. 1;
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[0057] FIG. 8 is an approximate schematic drawing of a
mode in which an ultraviolet light amount variation function
is provided in the preliminary curing light source shown in
FIG. 7,

[0058] FIG. 9 is a diagram showing one mode of the
ultraviolet light amount variation function shown in FIG. 7;

[0059] FIG. 10 is a diagram showing a further mode ofthe
ultraviolet light amount variation function shown in FIG. 7;
and

[0060] FIG. 11 is a basic schematic drawing of an inkjet
recording apparatus relating to a modification of the present
embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

General Composition Of Inkjet Recording Apparatus

[0061] FIG. 1 is a diagram of the general composition of
an inkjet recording apparatus relating to an embodiment of
the present invention. As shown in FIG. 1, this inkjet
recording apparatus 10 comprises: a print unit 12 having a
plurality of print heads 12Bk, 12M, 12C and 12Y provided
corresponding to the respective ink colors; an ink storing
and loading unit 14 for storing ultraviolet-curable ink to be
supplied to the print heads 12Bk, 12M, 12C and 12Y;
pressurization rollers 20Bk, 20M, 20C, and 20Y, disposed
respectively on the downstream side of the print heads 12Bk,
12M, 12C and 12Y in the conveyance direction of the
recording paper 16 (the direction indicated by the arrow in
FIG. 1), for performing a leveling process which levels the
ink droplets 18 deposited onto the recording paper 16 (in
other words, which aligns the heights of the ink droplets 18);
cleaning blades, which are not shown in FIG. 1 (but are
indicated by reference numeral 100 in FIG. 6), provided at
the respective pressurization rollers 20Bk, 20M, 20C and
20Y, for removing ink adhering to the surface of the pres-
surization rollers 20Bk, 20M, 20C and 20Y; ultraviolet (UV)
light sources 22Bk, 22M, 22C and 22Y, which irradiate
ultraviolet light onto the ink droplets 18 in such a manner
that the ink droplets are cured preliminarily before the
leveling process for the ink droplets 18; a main curing light
source 24, provided on the downstream side of the print unit
12 in the recording paper conveyance direction, which
irradiates ultraviolet light onto the ink droplets 18 in order
to perform main curing of the ink droplets 18 which have
undergone a leveling process; a print determination unit 26
which reads in the print results from the print unit 12; a paper
supply unit 28 which supplies recording paper (recording
medium or media) 16; a belt suction conveyance unit 32,
disposed facing the nozzle surface (ink ejection surface) of
the print heads 12Bk, 12M, 12C and 12Y, which conveys the
recording paper 16 while suctioning (fixing) the recording
paper 16 onto a belt 30 in such a manner that it is dept flat;
and a paper output unit 34 which outputs the recorded
recording paper 16 (printed matter) to the exterior.

[0062] The ink storing and loading unit 14 has ink tanks
14Bk, 14M, 14C, 14Y for storing the inks of the colors
corresponding to the print heads 12Bk, 12C, 12M, and 12Y,
and the ink tanks are connected to the print heads 12Bk,
12C, 12M, and 12Y through prescribed channels 36. The ink
storing and loading unit 14 also comprises a warning device
(for example, a display device or an alarm sound generator)



US 2006/0066703 Al

for warning when the remaining amount of any ink is low,
and has a mechanism for preventing loading errors among
the colors.

[0063] In the present embodiment, a magazine (not
shown) containing roll paper (continuous paper) is used as
the recording paper 16. It is also possible to use jointly a
plurality of magazines containing papers of different widths
and qualities, and the like. Moreover, papers may be sup-
plied in cassettes that contain cut papers loaded in layers and
that are used jointly or in lieu of magazines for rolled papers.

[0064] In the case of a configuration in which roll paper is
used, a shearing cutter (not shown) is provided on the
downstream side of the magazine of the roll paper, and the
roll paper is cut to a desired size by the cutter. The cutter has
a stationary blade, of which length is not less than the width
of the conveyor pathway of the recording paper 16, and a
round blade, which moves along the stationary blade. The
stationary blade is disposed on the reverse side of the printed
surface of the recording paper 16, and the round blade is
disposed on the side adjacent to the printed surface across
the conveyance path. When cut paper is used, the cutter is
not required.

[0065] In the case of a configuration in which a plurality
of types of media can be used, it is preferable that an
information recording medium such as a bar code and a
wireless tag containing information about the type of media
is attached to the magazine, and by reading the information
contained in the information recording medium with a
predetermined reading device, the type of media to be used
is automatically determined, and ink droplet ejection is
controlled so that the ink droplets are ejected in an appro-
priate manner in accordance with the type of media.

[0066] The recording paper 16 delivered from the paper
supply unit 28 retains curl due to having been loaded in the
magazine. In order to remove the curl, heat is applied to the
recording paper 16 in the decurling unit (not shown) by a
heating drum (not shown) in the direction opposite from the
curl direction in the magazine. The heating temperature at
this time is preferably controlled so that the recording paper
16 has a curl in which the surface on which the print is to be
made is slightly round outward.

[0067] After decurling, the cut recording paper 16 is
delivered to the belt suction conveyance unit 32. The belt
suction conveyance unit 32 has a configuration in which an
endless belt 30 is set around rollers 37 and 38 in such a
manner that at least the portion of the endless belt 30 facing
the nozzle faces of the print heads 12Bk, 12M, 12C and 12Y
forms a horizontal plane (flat plane).

[0068] The belt 30 has a width that is greater than the
width of the recording paper 16, and a plurality of suction
apertures (not shown) are formed on the belt surface. A
suction chamber (not shown) is disposed in a position facing
the sensor surface of the print determination unit 26 and the
nozzle surface of the print unit 12 on the interior side of the
belt 30, which is set around the rollers 37 and 38; and the
suction chamber provides suction by means of a pump (not
shown) to generate a negative pressure, thereby holding the
recording paper 16 onto the belt 30 by suction.

[0069] The belt 30 is driven in the counterclockwise
direction in FIG. 1 by the motive force of a motor 88 (not
shown in FIG. 1, but shown in FIG. 5) being transmitted to
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at least one of the rollers 37 and 38, which the belt 30 is set
around, and the recording paper 16 held on the belt 30 is
conveyed from right to left in FIG. 1.

[0070] Furthermore, idle rollers 40 are provided on the
belt suction conveyance unit 32 so as to correspond with the
pressure rollers 20, and therefore, in the pressurization
process (leveling process) region facing the pressurization
rollers 20, the recording medium 16 suctioned and held on
the belt 30 is kept flat and closely suctioned to the belt during
the pressurization process.

[0071] Since ink adheres to the belt 30 when a marginless
print job or the like is performed, a belt-cleaning unit (not
shown) is disposed in a predetermined position (a suitable
position outside the printing area) on the exterior side of the
belt 30. Although the details of the configuration of the
belt-cleaning unit are not shown, examples thereof include
a configuration in which the belt 30 is nipped with cleaning
rollers such as a brush roller and a water absorbent roller, an
air blow configuration in which clean air is blown onto the
belt 30, or a combination of these. In the case of the
configuration in which the belt 30 is nipped with the
cleaning rollers, it is preferable to make the line velocity of
the cleaning rollers different than that of the belt 30 to
improve the cleaning effect.

[0072] The inkjet recording apparatus 10 can comprise a
roller nip conveyance mechanism, in which the recording
paper 16 is pinched and conveyed with nip rollers, instead
of the belt suction conveyance unit 32. However, there is a
drawback in the roller nip conveyance mechanism that the
print tends to be smeared when the printing area is conveyed
by the roller nip action because the nip roller makes contact
with the printed surface of the paper immediately after
printing. Therefore, the belt suction conveyance in which
nothing comes into contact with the image surface in the
printing area is preferable.

[0073] Furthermore, it is also possible to use conveyance
by electrostatic attraction which attracts and holds the
recording paper 16 on a belt 30 by means of electrostatic
attraction. In one mode of conveyance by electrostatic
attraction, electrodes for generating static electricity, and a
power supply which supplies voltage to the electrodes are
provided, instead of the suction apertures, suction chamber
and pump.

[0074] A heating fan (not shown) is disposed on the
upstream side of the printing unit 12 in the conveyance
pathway formed by the belt suction conveyance unit 32. The
heating fan blows heated air onto the recording paper 16 to
heat the recording paper 16 immediately before printing so
that the ink deposited on the recording paper 16 dries more
easily.

[0075] As shown in FIG. 2, the print heads 12Bk, 12M,
12C and 12Y are full line heads having a length correspond-
ing to the maximum width of the recording paper 16 used
with the inkjet recording apparatus 10, and comprising a
plurality of nozzles for ejecting ink arranged on a nozzle
face through a length exceeding at least one edge of the
maximum-size recording paper 16 (namely, the full width of
the printable range).

[0076] The print heads 12Bk, 12C, 12M, and 12Y are
arranged in color order (black (Bk), magenta (M), cyan (C),
yellow (Y)) from the upstream side in the conveyance
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direction of the recording paper, and these respective print
heads 12Bk, 12M, 12C and 12Y are fixed extending in a
direction substantially perpendicular to the conveyance
direction of the recording paper.

[0077] A color image can be formed on the recording
paper 16 by ejecting inks of different colors from the print
heads 12Bk, 12C, 12M and 12Y, respectively, onto the
recording paper 16 while the recording paper 16 is conveyed
by the belt suction conveyance unit 32.

[0078] By adopting a configuration in which full line type
print heads 12Bk, 12M, 12C and 12Y having nozzles rows
covering the full paper width are provided for each separate
color in this way, it is possible to record an image on the full
surface of the recording paper 16 by performing just one
operation of moving the recording paper 16 relatively with
respect to the print heads 12Bk, 12M, 12C and 12Y in the
conveyance direction of the recording paper, (in other
words, by means of one sub-scanning action). A single pass
inkjet recording apparatus of this kind is able to print at high
speed in comparison with a shuttle scanning system in which
an image is printed by moving a print head back and forth
reciprocally in the main scanning direction, and hence print
productivity can be improved.

[0079] Although a configuration with four standard colors,
K(Bk), M, C and Y, is described in the present embodiment,
the combinations of the ink colors and the number of colors
are not limited to these, and light and/or dark inks can be
added as required. For example, a configuration is possible
in which print heads for ejecting light-colored inks such as
light cyan and light magenta are added. Furthermore, there
are no particular restrictions on the sequence in which the
print heads of respective colors are arranged.

[0080] Furthermore, in the present embodiment, ultravio-
let-curable ink is used for the printing inks. The ultraviolet-
curable ink has properties whereby the hardening (polymer-
ization) of the ink is promoted by application of ultraviolet
energy irradiated from-the preliminary curing light sources
22Bk, 22M, 22C and 22Y, and the main curing light source
24.

[0081] As shown in FIG. 1, the preliminary curing light
sources 22Bk, 22M, 22C and 22Y provided inside the
pressurization rollers 20Bk, 20M, 20C and 20Y and the main
curing light source 24 disposed on the downstream side of
the print unit 12 in the recording paper conveyance direction
has a length corresponding to the maximum paper width of
the recording paper 16, similarly to the print heads 12Bk,
12M, 12C and 12Y, and it is fixed so as to extend in a
direction substantially perpendicular to the paper convey-
ance direction.

[0082] For example, the preliminary curing light sources
22Bk, 22M, 22C and 22Y and the main curing light source
24 are respectively constituted by a configuration of ultra-
violet lit-emitting diode (LED) elements or ultraviolet laser
diode (LD) elements arranged in a line. According to this
composition, since light emission can be controlled selec-
tively in each individual light-emitting element, it is possible
readily to adjust the light emitting elements that light up, and
the amount of light generated, and hence a prescribed
irradiation range and light volume (intensity) can be
achieved in the ultraviolet irradiation area.

[0083] The ink droplets 18 deposited on the recording
paper 16 are cured preliminarily to a degree whereby a
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hardened film (hardened layer) is formed on the surface by
the ultraviolet light (energy) irradiated from the preliminary
curing light sources 22Bk, 22M, 22C and 22Y In other
words, the irradiation level (irradiation energy) of the pre-
liminary curing light sources 22Bk, 22M, 22C and 22Y is set
in such a manner that they cure the ink droplets 18 deposited
onto the recording paper 16 to a liquid state (gel state) of a
level whereby a hardened film is formed on the surface of
the ink droplets 18.

[0084] The ink droplets 18 cured preliminarily in this
manner are leveled to a uniform thickness (height) by the
pressure applied by the pressurization rollers 20Bk, 20M,
20C and 20Y, and they then undergo a main curing process
by the ultraviolet irradiated from the main curing light
source 24.

[0085] Desirably, when the ink droplets are irradiated with
ultraviolet light by the main curing light source 24, they
proceed to become cured and fixed to a degree whereby no
image deterioration occurs during handling in subsequent
processing on the downstream side in the paper conveyance
direction. Here, this “handling” means, for example, (1)
rubbing of the image surface against the rollers, conveyance
guides, and the like, in the conveyance steps downstream of
the main curing light source 24, (2) rubbing between prints
in the print stacking section, and (3) rubbing of a finished
print against various objects when it is actually handled for
use.

[0086] A mode is also possible in which other radiation
sources, such as electron beams (EB), are provided instead
of the preliminary curing light sources 22Bk, 22M, 22C and
22Y and the main curing light source 24, and ink having
properties whereby the curing of the ink is promoted by the
radiation source is used. The details of the pressurization
rollers 20Bk, 20M, 20C and 20Y and the preliminary curing
light sources 22Bk, 22M, 22C and 22Y are described
hereinafter.

[0087] The present embodiment describes a mode in
which the preliminary curing light sources 22Bk, 22M, 22C
and 22Y and the main curing light source 24 has the same
composition (or a similar composition), but it is also pos-
sible to use light sources having different compositions for
the preliminary curing light sources 22Bk, 22M, 22C and
22Y and the main curing light source 24.

[0088] The print determination unit 26 is provided on the
downstream side of the main curing light source 24. The
print determination unit 26 has an image sensor for captur-
ing an image of the ink droplet deposition result of the print
unit 12, and functions as a device to check for ejection
defects such as blockages of the nozzles in the print unit 12
on the basis of the ink droplet deposition results evaluated by
the image sensor. The ejection determination includes the
presence of the ejection, measurement of the dot size, and
measurement of the dot deposition position.

[0089] The print determination unit 26 of the present
embodiment is configured with at least a line sensor having
rows of photoelectric transducing elements with a width that
is greater than the ink-droplet ejection width (image record-
ing width) of the print heads 12Bk, 12M, 12C, and 12Y. This
line sensor has a color separation line CCD sensor including
ared (R) sensor row composed of photoelectric transducing
elements (pixels) arranged in a line provided with an R filter,
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a green (G) sensor row with a G filter, and a blue (B) sensor
row with a B filter. Instead of a line sensor, it is possible to
use an area sensor composed of photoelectric transducing
elements which are arranged two-dimensionally.

[0090] In this way, the recording paper 16 (the created
printed matter) that has passed the print determination unit
26 is output from the paper output unit 34 via nip rollers 42.
Although not shown in FIG. 1, the paper output unit 34 is
provided with a sorter for collecting images according to
print orders.

Structure of Print Head

[0091] Next, the structure of a print head will be
described. The print heads 12Bk, 12M, 12C and 12Y pro-
vided for the respective ink colors have the same structure,
and a reference numeral 50 is hereinafter designated to any
of the print heads 12K, 12C, 12M and 12Y.

[0092] FIG. 3A is a plan perspective view showing an
example of the composition of a print head 50, and FIG. 3B
is an enlarged diagram of a portion of same. Furthermore,
FIG. 3C is a plan perspective view showing a further
example of the composition of a print head 50, and FIG. 4
is a cross-sectional diagram showing a three-dimensional
composition of an ink chamber unit (being a cross-sectional
view along line 4-4 in FIGS. 3A and 3B).

[0093] 1In order to achieve a high density of the dot pitch
printed onto the surface of the recording paper 16, it is
necessary to achieve a high density of the nozzle pitch in the
print head 50. As shown in FIGS. 3A to 3C and FIG. 4, the
print head 50 according to the present embodiment has a
structure in which a plurality of ink chamber units53, each
comprising a nozzle 51 forming an ink droplet ejection port,
a pressure chamber 52 corresponding to the nozzle 51, and
the like, are disposed two-dimensionally in the form of a
staggered matrix, and hence the effective nozzle interval (the
projected nozzle pitch) as projected in the lengthwise direc-
tion of the head (the direction perpendicular to the paper
conveyance direction; in other words, the main scanning
direction), is reduced (high nozzle density is achieved).

[0094] For example, instead of the composition in FIGS.
3A and 3B, as shown in FIG. 3C, a full line head having
nozzle rows of a length corresponding to the entire length of
the recording paper 16 can be formed by arranging and
combining, in a staggered matrix, short head units 50’each
having a plurality of nozzles 51 arrayed in a two-dimen-
sional fashion.

[0095] The pressure chamber 52 provided corresponding
to each of the nozzles 51 is approximately square-shaped in
plan view, and a nozzle 51 and a supply port 54, which is an
inlet port for the supplied ink; are provided respectively at
either corner of a diagonal of the pressure chamber 52.

[0096] As shown in FIG. 4, each pressure chamber 52 is
connected to a common flow passage 55 via the supply port
54. The common flow channel 55 is connected to an ink tank
(not shown), which is a base tank that supplies ink, and the
ink supplied from the ink tank is delivered through the
common flow channel 55 shown in FIG. 4 to the pressure
chambers 52.

[0097] An actuator 58 provided with an individual elec-
trode 57 is joined to a pressure plate (also serving as a
common electrode) 56 which forms the ceiling of the
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pressure chamber 52, and the actuator 58 is deformed to
change the volume of the pressure chamber 52 when a drive
voltage is applied to the individual electrode 57 and a
common electrode 56, thereby causing ink to be ejected
from the nozzle 51. A piezoelectric body, such as a piezo
element, is suitable as the actuator 58. When ink is ejected,
new ink is supplied to the pressure chamber 52 from the
common flow channel 55 through the supply port 54.

[0098] As shown in FIG. 3B, the plurality of ink chamber
units 53 having this structure are composed in a lattice
arrangement, based on a fixed arrangement pattern having a
row direction which coincides with the main scanning
direction, and a column direction which, rather than being
perpendicular to the main scanning direction, is inclined at
a fixed angle of 8 with respect to the main scanning
direction.

[0099] More specifically, by adopting a structure in which
a plurality of ink chamber units 53 are arranged at a uniform
pitch d in line with a direction forming an angle of 6 with
respect to the main scanning direction, the pitch P of the
nozzles projected so as to align in the main scanning
direction is dxcos 0, and hence the nozzles 51 can be
regarded to be equivalent to those arranged linearly at a fixed
pitch P along the main scanning direction. Such configura-
tion results in a nozzle structure in which the nozzle row
projected in the main scanning direction has a high nozzle
density.

[0100] Inimplementing the present invention, the arrange-
ment of the nozzles is not limited to that of the example
illustrated. Moreover, a method is employed in the present
embodiment where an ink droplet is ejected by means of the
deformation of the actuator 58, which is typically a piezo-
electric element; however, in implementing the present
invention, the method used for discharging ink is not limited
in particular, and instead of the piezo method, it is also
possible to apply various types of methods, such as a thermal
jet method where the ink is heated and bubbles are caused
to form therein by means of a heat generating body such as
a heater, ink droplets being ejected by means of the pressure
applied by these bubbles.

Description of Control System

[0101] Next, the control system of the inkjet recording
apparatus 10 will be described.

[0102] FIG. 5 is a principal block diagram showing the
system configuration of the inkjet recording apparatus 10.
The inkjet recording apparatus 10 comprises a communica-
tion interface 70, a system controller 72, an image memory
74, a motor driver 76, a heater driver 78, a print controller
80, an image buffer memory 82, a head driver 84, a light
source driver 85, and the like.

[0103] The communication interface 70 is an interface unit
for receiving image data sent from a host computer 86. A
serial interface such as USB, IEEE1394, Ethernet, wireless
network, or a parallel interface such as a Centronics inter-
face may be used as the communication interface 70. A
buffer memory (not shown) may be mounted in this portion
in order to increase the communication speed.

[0104] The image data sent from the host computer 86 is
received by the inkjet recording apparatus 10 through the
communication interface 70, and is temporarily stored in the
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image memory 74. The image memory 74 is a storage device
for temporarily storing images inputted through the com-
munication interface 70, and data is written and read to and
from the image memory 74 through the system controller 72.
The image memory 74 is not limited to a memory composed
of semiconductor elements, and a hard disk drive or another
magnetic recording medium may be used.

[0105] The system controller 72 is a control unit for
controlling the various sections, such as the communications
interface 70, the image memory 74, the motor driver 76, the
heater driver 78, and the like. The system controller 72 is
constituted by a central processing unit (CPU) and periph-
eral circuits thereof, and the like, and in addition to con-
trolling communications with the host computer 86 and
controlling reading and writing from and to the image
memory 74, or the like, it also generates a control signal for
controlling the motor 88 of the conveyance system and the
heater 89.

[0106] The motor driver 76 is a driver (drive circuit)
which drives the motor 88 in accordance with instructions
from the system controller 72. Furthermore, the heater driver
78 is a driver for driving the heater 89 of a heating drum, and
other sections, in accordance with instructions from the
system controller 72.

[0107] The motor 88 shown in FIG. 5 includes a motor for
driving the rollers 37 and 38 of the belt suction conveyance
unit 32 and a plurality of motors belonging to other con-
veyance systems and drive systems. Similarly, the heater 89
shown in FIG. 5 includes a heater of the heating drum, and
a plurality of other heaters, such as a heater for adjusting the
temperature of the print head 50, and the like.

[0108] FIG. 5 shows a motor 88 and a heater 89 as
representative examples of this plurality of motors and
plurality of heaters.

[0109] The print controller 80 has a signal processing
function for performing various tasks, compensations, and
other types of processing for generating print control signals
from the image data stored in the image memory 74 in
accordance with commands from the system controller 72 so
as to supply the generated print control signals (dot data) to
the head driver 84. Prescribed signal processing is carried
out in the print controller 80, and the ejection amount and the
ejection timing of the ink droplets from the print heads
12Bk, 12M, 12C, and 12Y for respective colors are con-
trolled via the head driver 84, on the basis of the print data.
By this means, prescribed dot size and dot positions can be
achieved.

[0110] The print controller 80 is provided with the image
buffer memory 82; and image data, parameters, and other
data are temporarily stored in the image buffer memory 82
when image data is processed in the print controller 80. The
aspect shown in FIG. 5 is one in which the image buffer
memory 82 accompanies the print controller 80; however,
the image memory 74 may also serve as the image buffer
memory 82. Also possible is an aspect in which the print
controller 80 and the system controller 72 are integrated to
form a single processor.

[0111] The head driver 84 drives the actuators 58 which
drive ejection in the respective print heads 50, on the basis
of the dot data supplied from the print controller 80. A
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feedback control system for maintaining constant drive
conditions for the print heads may be included in the head
driver 84.

[0112] The image data to be printed is externally inputted
through the communications interface 70, and is stored in
the image memory 74. At this stage, RGB image data is
stored in the image memory 74, for example. The image data
stored in the image memory 74 is sent to the print controller
80 through the system controller 72, and is converted into
dot data for each ink color by a known dithering algorithm,
random dithering algorithm or another technique in the print
controller 80.

[0113] The print head 50 is driven on the basis of the dot
data thus generated by the print controller 80, so that ink is
ejected from the head 50. By controlling ink ejection from
the print head 50 in synchronization with the conveyance
speed of the recording paper 16, an image is formed on the
recording paper 16.

[0114] In this inkjet recording apparatus 10, the type and
size of the recording paper 16 is determined by means of a
media determination unit (not shown). This section uses, for
example, a device for reading in information such as bar
codes attached to the magazine in the paper supply unit 28,
or sensors disposed at a suitable position in the paper
conveyance path (a paper width determination sensor, a
sensor for determining the thickness of the paper, a sensor
for determining the reflectivity of the paper, and so on). A
suitable combination of these elements may also be used.
Furthermore, it is also possible to adopt a composition in
which information relating to the paper type, size, or the
like, is specified by means of inputs made via a prescribed
user interface, instead of or in conjunction with such auto-
matic determination devices.

[0115] Information obtained by the media determining
section is reported to the system controller 72 and/or the
print controller 80, and is used to control ink ejection.

[0116] A light source driver 85 controls the switching on
and switching off of the preliminary curing light sources
22Bk, 22M, 22C and 22Y and the main curing light source
24, and the switch on and switch off timings, the amount of
light emitted by the light sources, and the like, in accordance
with instructions from the print controller 80.

Composition of Pressurization Rollers and Preliminary Cur-
ing Light Sources

[0117] Next, the pressurization rollers 20Bk, 20M, 20C
and 20Y and the preliminary curing light sources 22Bk,
22M, 22C and 22Y shown in FIG. 1 will be described in
detail. Since the pressurization rollers 20Bk, 20M, 20C and
20Y and the preliminary curing light sources 22Bk, 22M,
22C and 22Y have common compositions, below, a repre-
sentative pressurization roller is indicated by reference
numeral 20, and a representative preliminary curing light
source provided inside the pressurization roller 20 is indi-
cated by reference numeral 22.

[0118] FIG. 6 shows the composition of a pressurization
roller 20 and preliminary curing light source 22 provided in
the inkjet recording apparatus 10 shown in FIG. 1, and the
periphery of same. In FIG. 6, items which are the same as
or similar to those in FIG. 1 are labeled with the same
reference numerals and description thereof is omitted here.
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[0119] Furthermore, the preliminary curing light source 22
shown in FIG. 6 depicts one of the light-emitting elements
arranged in a line fashion.

[0120] As shown in FIG. 6, a thin film can be formed on
the surface of the ink droplets 18 deposited onto the record-
ing paper 16, by means of the ultraviolet light irradiated
from the preliminary curing light source 22 provided inside
the pressurization roller 20, and thus a preliminary curing
process is performed which hardens the ink to a degree
whereby it does not become attached to the surface of the
pressurization roller (the pressurization surface), when it
makes contact with the pressurization roller 20. Reference
numeral 18A shown in FIG. 6 indicates an ink droplet which
has undergone a preliminary curing process.

[0121] The pressurization roller 20 presses the ink droplet
18A having undergone a preliminary curing process, in the
direction of the recording paper 16 (the direction indicated
by arrow P in FIG. 6), and hence the dome-shaped ink
droplet 18A is compressed and the apex (peak) portion
thereof becomes flat. Thereby, the height (thickness) of the
ink droplet 18A becomes lower than its original height, and
leveling is achieved in such a manner that each of the ink
droplets has a uniform height. This reduces the step differ-
ence between regions of the recording paper 16 where an
image is formed (a region where ink droplets have been
deposited) and regions of the recording paper 16 where no
image has been formed and the surface of the paper is
exposed. The reference numeral 18B in FIG. 6 indicates an
ink droplet in a region where the leveling process has been
performed.

[0122] By carrying out a leveling process of this kind, it is
possible to prevent conspicuous relief effects from appearing
in the image, and furthermore, the thickness of the respec-
tive ink droplets can be made uniform by the leveling
process.

[0123] On the other hand, during the leveling process
performed by the pressurization roller 20, since the ink
droplets to be pressed are cured to a degree whereby a film
is formed on the surface thereof, then it is possible to prevent
scattering of the ink droplets, or attachment of the ink
droplets to the surface of the pressurization roller 20 (the ink
pressurization surface), when they come into contact with
the pressurization roller 20. Furthermore, since the ink
droplets are not completely cured, a leveling process can be
performed readily by means of pressurization.

[0124] A member which transmits the ultraviolet light,
such as a transparent member, or the like, is used for the
pressurization roller 20, in such a manner that the ultraviolet
light emitted from the preliminary curing light source 22
contained therein is transmitted through the pressurization
roller and irradiated onto the ink droplets on the recording
medium 16. For the ultraviolet light transmitting member, it
is possible to use a resin material, such as a plastic, or glass,
or the like.

[0125] Of course, it is also possible to compose the part of
the pressurization roller 20 which transmits the ultraviolet
light by means of the aforementioned ultraviolet light trans-
mitting member, and to compose the remaining sections of
the pressurization roller 20 from other members.

[0126] Moreover, a pressure changing mechanism (not
shown) for changing the pressure applied to the ink droplets
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18A is provided in the pressurization roller 20. This pressure
changing mechanism comprises a movement mechanism
which moves the pressurization roller 20 in the vertical
direction in FIG. 6 (the direction indicated by arrow H in
FIG. 6), in such a manner that the clearance between the
pressurization roller 20 and the recording medium 16 (belt
30) is altered.

[0127] Of course, it is also possible to adopt other modes
for the pressure changing mechanism. For example, the
pressurization region of the pressurization roller 20 may be
composed in an expandable and contractable fashion, in
such a manner that the volume thereof can be changed by
filling a gas, such as air, or a liquid, into this section, thereby
raising the pressure applied to the ink droplets.

[0128] Irradiation of ultraviolet light from the preliminary
curing light source 22 onto the ink droplets 18 (18A and
18B) continues during the leveling process by the pressur-
ization roller 20 and immediately after the leveling process.
In other words, since ultraviolet light is irradiated from the
preliminary curing light source 22 onto the ink droplets 18
(18A and 18B) on the recording paper 16, from immediately
before the leveling process until immediately after the
leveling process, the ink droplets are cured preliminarily
before the leveling process, and furthermore, the interior of
the ink droplets can also be cured after the leveling process.
Therefore, the shape of the ink droplets obtained by the
leveling process is maintained.

[0129] A cleaning blade 100 which eliminates ink droplets
or foreign matter attached to the surface of the pressurization
roller 20, and a cleaning section 104 including a recovery
tray 102 which recovers the ink droplets or foreign matter
removed by the cleaning blade 100, are provided on the
downstream side of the pressurization roller 20 in the
recording paper conveyance direction.

[0130] The present embodiment described a mode in
which ink, and the like, attached to the surface of the
pressurization roller 20 is removed by wiping, but it is also
possible to remove the ink, and the like, by blowing air, or
the like, onto the surface of the pressurization roller, or
alternatively, the ink can be removed by suctioning, using a
suctioning member such as a sponge.

[0131] Furthermore, a desirable mode is one in which the
amount of wear of the cleaning blade is determined, and a
restoration process for replacing or grinding the cleaning
blade, or the like, is carried out if the amount of wear
exceeds a prescribed range. The amount of wear may be
determined by directly measuring the length (thickness) of
the front tip portion of the cleaning blade, or by inferring
indirectly from the use time period (elapsed time), the
amount of ink collected in the recovery tray 102, or the like.
Furthermore, a composition may be adopted wherein, if a
restoration process is required for the cleaning blade, then a
message to this effect is reported to the user.

[0132] By imparting liquid repelling properties to the
surface of the pressurization roller 20, it is possible to
increase the ink removing capability. As the mode of impart-
ing liquid repelling properties to the pressurization roller 20,
a member having liquid repelling properties may be used for
the surface of the pressurization roller 20, or a liquid
repelling process may be applied to the surface of the
pressurization roller 20.
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[0133] In the present embodiment, the pressurization
roller 20 is depicted as a device for pressurizing the ink
droplets on the recording paper 16, but the device for
pressurizing the ink droplets on the recording medium 16 is
not limited to the form of a roller, and it is also possible to
adopt a plate-shaped press or a member having another
form.

Description of Preliminary Curing Light Source

[0134] Next, the preliminary curing light source 22 is
described.

[0135] FIG. 7 shows the ultraviolet light emitted from the
preliminary curing light source 22 and the irradiation region
of this ultraviolet light on the recording paper 16. The
ultraviolet light emitted from the preliminary curing light
source 22 is emitted in a radiating beam from a point-shaped
light source, as indicated by reference numeral 200 in FIG.
7.

[0136] Here, the relationship between the distance, L,
from the ultraviolet irradiation start point A of the ink
droplets on the recording paper 16 to the pressurization start
point B by the pressurization roller 20, the conveyance speed
V of the recording paper 16, and the time T1 from the start
of ultraviolet light irradiation to the start of pressurization,
satisfies the following relationship (1): T1=L/V.

[0137] Furthermore, if T2 is taken to be the time period
from the start of ultraviolet light irradiation until the time at
which a thin film has formed on the surface of the ink droplet
(until preliminary curing of the ink droplet has progressed
and has reached a condition which allows it to be pressurized
by the pressurization roller 20) under given ultraviolet light
irradiation conditions, then it is possible to prevent adher-
ence of ink to the surface of the pressurization roller if the
following relationship (2) is satisfied: T1>T2 .

[0138] On the other hand, if T3 is taken to be the time
period from the start of irradiation of ultraviolet light until
the time at which curing of the ink droplet has progressed to
a level whereby leveling of the ink droplet due to pressur-
ization by the pressurization roller becomes difficult, under
given ultraviolet light irradiation conditions, then in order
for leveling of the ink droplet by the pressurization roller 20
to be possible, time periods T1 and T3 described above
should satisfy the following relationship (3): T1<T3.

[0139] More specifically, from the relationships (2) and
(3), the time period T1 from the start of irradiation of the
ultraviolet light until the start of pressurization satisfies the
following relationship (4): T2<T1<T3 .

[0140] For example, if T2=0.005 sec, T3=0.05 sec and
V=200 mm/sec, then the values of T1 and L described above
satisfy the relationship (5): 0.005 sec<T1<0.05 sec, and the
relationship (6): 1 mm<L<10 mm.

[0141] The system controller 72 and the print controller 80
shown in FIG. 5 control the amount of light Q (amount of
irradiation energy) of the preliminary curing light source 22,
and the conveyance speed V, in such a manner that the
conditions stated in (1) to (6) described above are satisfied.

[0142] In other words, the preliminary curing light source
22 must be situated in such a manner that ultraviolet light is
irradiated onto the ink droplets 18, thereby curing the ink
droplets 18 preliminarily, before the ink droplets 18 start to
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be pressurized by the pressurization roller 20. However, if
the preliminary curing light source 22 is located on the
upstream side of the pressurization roller 20 in the convey-
ance direction of the recording paper, then the distance L.
from the start position of ultraviolet light irradiation until the
pressurization start position becomes larger, and it becomes
difficult to satisfy the condition stated in (6). Therefore, by
providing the preliminary curing light source 22 inside the
pressurization roller 20 as shown in FIG. 1 and other
drawings, then it is possible to shorten the distance, L, from
the ultraviolet light irradiation start position to the pressur-
ization start position, and therefore it is possible to satisfy
the condition stated in (6).

[0143] Furthermore, by providing the preliminary curing
light source 22 inside the pressurization roller 20, the
ultraviolet light can be irradiated continuously onto the ink
droplets on the recording paper 16, from the start of pres-
surization until the end of pressurization. Therefore, it is
possible to accelerate curing of the ink droplets 18B shown
in FIG. 7, while maintaining the shape of the ink droplets
which have been leveled by the pressurization roller 20.

[0144] Next, the control of the amount of ultraviolet light

emitted by the preliminary curing light source 22 will be
described.

[0145] FIG. 8 shows a mode where an opening and
closing mechanism 220, such as a shutter, which functions
as a light amount adjustment mechanism and an irradiation
range adjustment mechanism, is provided between the pres-
surization roller 20 and the preliminary curing light source
22. By varying the open and closed state of the opening and
closing mechanism 220, it is possible to change the amount
of ultraviolet light Q irradiated onto the recording paper 16
and the ultraviolet light irradiation range on the recording
paper 16.

[0146] More specifically, by setting the opening and clos-
ing mechanism 220 to a fully opened state, then the ultra-
violet light irradiated onto the recording paper 16 will be as
indicated by reference numeral 200 shown by the solid line
in FIG. 8, and in this case, the angle of irradiation of the
ultraviolet light will be 6. Furthermore, in this state, the
range (length) of irradiation of the ultraviolet light on the
recording paper 16 in a direction substantially parallel to the
direction of conveyance of the recording paper, will be D1.

[0147] On the other hand, in an intermediate state in which
the opening and closing mechanism 220 has been closed
from the fully opened state (namely, an intermediate state
between the fully opened state and closed state), the ultra-
violet light irradiated onto the recording paper 16 will be as
indicated by reference numeral 200°shown by the dotted line
in FIG. 8. Furthermore, in this state, the range of irradiation
of the ultraviolet light on the recording paper 16 in a
direction substantially parallel to the direction of convey-
ance of the recording paper will be D2, which is shorter than
D1 described above.

[0148] In other words, by varying the amount of opening
of the opening and closing mechanism 220, it is possible to
vary the amount of ultraviolet light irradiated onto the
recording paper 16 and the range of irradiation of the
ultraviolet light on the recording paper 16.

[0149] Ifa composition is adopted in which the amount of
ultraviolet light Q irradiated onto the recording paper 16 and
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the range of irradiation of ultraviolet light (the angle of
irradiation of the ultraviolet light) on the recording paper 16
are variable, then desirably, the ink droplets on the recording
paper 16 are cured preliminarily in accordance with the type
of ink, the type of recording paper (recording medium), and
the environmental conditions (temperature, humidity, and
the like).

[0150] Furthermore, since a pressurization roller 20 and
preliminary curing light source 22 are provided respectively
for each print head 50 (12Bk, 12M, 12C and 12Y), then even
if the ink properties are different for each respective color,
it is possible to optimize the preliminary curing state of the
ink droplets of each color, by altering the amount of ultra-
violet light and the range of irradiation of the ultraviolet light
according to the ink properties.

[0151] FIG. 9 and FIG. 10 shows a mode where a
movement mechanism (not shown) for moving the prelimi-
nary curing light source 22 is provided, the preliminary
curing light source 22 being moved by this movement
mechanism, thereby altering the amount of ultraviolet light
Q irradiated onto the recording paper 16 and the range of
irradiation of the ultraviolet light.

[0152] FIG. 9 shows a mode where the preliminary curing
light source 22 is rotated in the direction of rotation of the
pressurization roller 20 (the direction of rotation indicated
by the arrow in FIG. 9). In FIG. 9, reference numeral 300
indicated by the double-dotted line shows a preliminary
curing light source 22 in a position where it has been rotated
(moved) through a prescribed angle in the clockwise direc-
tion, from the position shown in FIG. 8, and reference
numeral 302 shows a preliminary curing light source 22 in
a position where it has been rotated through a prescribed
angle in the anticlockwise direction. Furthermore, reference
numeral 304 shows the ultraviolet light irradiated from the
preliminary curing light source 22 in the position indicated
by reference numeral 300, and reference numeral 306 shows
the ultraviolet light irradiated from the preliminary curing
light source 22 in the position indicated by the reference
numeral 302.

[0153] As shown in FIG. 9, by rotating the preliminary
curing light source 22 in the direction of rotation of the
pressurization roller 20, it is possible to move the region of
irradiation of the ultraviolet light on the recording paper 16,
in the leftward and rightward direction in FIG. 9.

[0154] FIG. 10 shows a mode in which the preliminary
curing light source 22 is slid (moved in a parallel fashion) in
a direction substantially parallel to the conveyance direction
of the recording paper (the leftward and rightward direction
in FIG. 10), and in a direction substantially perpendicular to
the conveyance direction of the recording paper (the upward
and downward direction in FIG. 10).

[0155] The reference numeral 320 indicated by the
double-dotted line in FIG. 10 shows the preliminary curing
light source 22 in a position where it has been moved in a
direction substantially parallel to the conveyance direction
of the recording paper, and reference numeral 322 shows the
preliminary curing light source 22 when it has been moved
in the opposite direction to the position shown by reference
numeral 320. Furthermore, reference numeral 324 shows the
preliminary curing light source 22 in a position where it has
been moved to a direction substantially perpendicular to the
recording paper conveyance direction.
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[0156] As shown in FIG. 10, by sliding the preliminary
curing light source 22 in the upward, downward, leftward
and rightward directions, it is possible to move the region of
irradiation of the ultraviolet light on the recording paper 16.
Reference numeral 326 in FIG. 10 shows the ultraviolet
light irradiated from the preliminary curing light source 22
when it has been moved to the position indicated by refer-
ence numeral 320, and reference numerals 328 and 330
show the ultraviolet light emitted from the preliminary
curing light source 22 when it has been moved to the
positions indicated respectively by reference numerals 322
and 324. Moreover, by moving the preliminary curing light
source 22 in the upward and downward direction, the
interval between the preliminary curing light source 22 and
the recording paper 16 changes, and the amount of ultra-
violet light Q irradiated onto the recording medium 16
changes.

[0157] For example, if the preliminary curing light source
22 is moved in the upward direction in FIG. 10, then the
interval between the preliminary curing light source 22 and
the recording paper 16 increases, and the amount of ultra-
violet light Q irradiated onto the recording paper 16
decreases compared to the case before movement of the
preliminary curing light source 22.

[0158] On the other hand, if the preliminary curing light
source 22 is moved in the downward direction in FIG. 10,
then the interval between the preliminary curing light source
22 and the recording paper 16 decreases, and the amount of
ultraviolet light Q irradiated onto the recording paper 16
increases compared to the amount before movement.

[0159] In the mode shown in FIG. 9, or when the pre-
liminary curing light source 22 has been moved to the
position indicated by reference numeral 324 in FIG. 10,
there may be a decrease in the amount of ultraviolet light Q
irradiated onto the recording paper 16, in comparison with
a case where the preliminary curing light source 22 is
situated in its original position. Therefore, control should be
implemented in such a manner that the amount of ultraviolet
light emitted from the preliminary curing light source 22 is
increased in accordance with the movement position of the
preliminary curing light source 22.

[0160] Furthermore, if the conveyance speed V of the
recording paper 16 is variable, then the time period during
which ultraviolet light is irradiated onto the recording paper
16 can be changed, and therefore, the preliminary curing
state of the ink droplets 18 on the recording paper 16 can be
altered.

[0161] In other words, if the conveyance speed of the
recording paper 16 is increased, then the ultraviolet light
irradiation time becomes shorter, and the thickness of the
film formed on the surface of the ink droplets 18 decreases
(preliminary curing progresses more slowly). On the other
hand, if the conveyance speed of the recording paper 16 is
slowed, then the ultraviolet light irradiation time becomes
longer, and the thickness of the film formed on the surface
of the ink droplets 18 increases (preliminary curing
progresses more quickly).

[0162] In the inkjet recording apparatus 10 having the
composition described above, an image is formed on the
recording paper 16 (ink droplets are discharged onto the
recording paper 16) by using an ultraviolet-curable ink, and
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the ink droplets 18 deposited onto the recording paper 16 are
subjected to a leveling process by means of a pressurization
roller 20. Therefore, step differences between image forming
regions and non-image forming regions on the recording
paper 16 are reduced, and relief effects appearing in the
image are suppressed.

[0163] Furthermore, since a preliminary curing light
source 22 is provided inside the pressurization roller 20, and
the pressurization roller 20 is made from a member that
transmits ultraviolet light, then the ink droplets deposited on
the recording paper 16 are subjected to a preliminary curing
process by the preliminary curing light source 22 prior to the
leveling process by the pressurization roller 20, and there-
fore adherence of ink to the surface of the pressurization
roller 20 can be prevented.

[0164] Moreover, since ultraviolet light is irradiated onto
the ink droplets on the recording paper 16 from the prelimi-
nary curing light source 22, during the leveling process and
after the leveling process, it is possible to maintain the shape
of the ink droplets after the leveling process.

[0165] Since a composition is adopted in which the pres-
sure applied to the ink droplets during the leveling process
by the pressurization roller 20 is variable, then the printing
height (thickness of the ink droplets) can be adjusted in
accordance with the print objective (image).

Modification Example

[0166] Next, a modification example of the inkjet record-
ing apparatus 10 according to the present embodiment will
be described.

[0167] FIG. 11 is a diagram of the general composition of
an inkjet recording apparatus relating to a modification of
the present embodiment. In FIG. 11, items which are the
same as or similar to those in FIG. 1 are labeled with the
same reference numerals and description thereof is omitted
here.

[0168] The inkjet recording apparatus 400 shown in FIG.
11 depicts a mode in which a pressurization roller 20 having
a main curing light source 24 provided therein, which is
common to the print heads 12Bk, 12M, 12C and 12Y, is
disposed on the downstream side of the print unit 12 in the
conveyance direction of the recording paper.

[0169] Moreover, in the mode shown in FIG. 11, the
preliminary curing light source 22 is combined with the
main curing light source 24, and no preliminary curing light
source 22 is provided.

[0170] By means of the composition shown in FIG. 11, it
is possible to reduce the number of pressurization rollers 20
and preliminary curing light sources 22, and therefore the
apparatus composition can be simplified.

[0171] In the present embodiment, an inkjet recording
apparatus which records images onto a recording media by
means of ink ejection from nozzles provided in a print head
has been described, but the scope of application of the
present invention is not limited to this, and it may also be
applied broadly to liquid ejection apparatuses (dispensers,
and the like), which eject a liquid (resist or the like) of which
curing can be promoted by irradiation of ultraviolet light,
onto ejection receiving media (wafers, printed substrates,
and the like).
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[0172] 1t should be understood, however, that there is no
intention to limit the invention to the specific forms dis-
closed, but on the contrary, the invention is to cover all
modifications, alternate constructions and equivalents fall-
ing within the spirit and scope of the invention as expressed
in the appended claims.

What is claimed is:
1. An image recording apparatus, comprising:

a recording head which ejects a recording liquid having
properties of being cured by irradiation of radiation,
onto a recording medium;

a relative conveyance device which causes the recording
head and the recording medium to move relatively to
each other in a relative conveyance direction;

a radiation irradiating device which irradiates the radia-
tion onto recording liquid deposited on the recording
medium; and

a pressurization device which pressurizes the recording
liquid which has been irradiated with the radiation, the
pressurization device being provided on a downstream
side of the recording head in the relative conveyance
direction of the relative conveyance device, the pres-
surization device having the radiation irradiating
device provided inside thereof and having one of a
transmissive member capable of transmitting the radia-
tion emitted from the radiation irradiating device to
exterior and a structure capable of transmitting the
radiation to the exterior,

wherein a pressurization start position of the pressuriza-
tion device at which pressurization of the recording
liquid on the recording medium starts is situated further
to the downstream side of the recording head in the
relative conveyance direction of the relative convey-
ance device than an irradiation start position of the
radiation irradiating device.

2. The image recording apparatus as defined in claim 1,
wherein the radiation irradiating device cures the recording
liquid in such a manner that an interior of the recording
liquid on the recording medium has a liquid state or a
semi-solidified state.

3. The image recording apparatus as defined in claim 1,
further comprising a relative conveyance control device
which controls the relative conveyance device in such a
manner that a relationship between a time period T1 from a
start of the irradiation of the radiation onto the recording
liquid on the recording medium from the radiation irradiat-
ing device until a start of the pressurization of the recording
liquid on the recording medium by the pressurization device,
and a time period T2 from the start of the irradiation of the
radiation onto the recording liquid on the recording medium
from the radiation irradiating device until the recording
liquid is cured to a state where an interior of the recording
liquid is in a liquid state or a semi-solidified state and the
recording liquid is capable of being leveled by the pressur-
ization device, satisfies the following relationship: T1>T2.

4. The image recording apparatus as defined in claim 3,
wherein the relative conveyance control device controls the
relative conveyance device in such a manner that a relation-
ship between the time period T1, and a time period T3 from
the start of the irradiation of the radiation onto the recording
liquid on the recording medium from the radiation irradiat-
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ing device until the recording liquid is fully cured to a state
where the recording liquid cannot be leveled by the pres-
surization device, satisfies the following relationship:
T1<T3 .

5. The image recording apparatus as defined in claim 1,
further comprising a pressure varying device which varies
pressure applied to the recording liquid on the recording
medium by the pressurization device.

6. The image recording apparatus as defined in claim 1,
wherein the pressurization device comprises a recording
liquid removal device which removes the recording liquid
that has attached to a surface of the pressurization device
during pressurization of the recording liquid.

7. The image recording apparatus as defined in claim 1,
wherein:

the recording head comprises a plurality of recording
heads; and

the pressurization device is provided for each of the
recording heads, each pressurization device being dis-
posed on the downstream side of the corresponding
recording head in the relative conveyance direction of
the relative conveyance device.
8. The image recording apparatus as defined in claim 1,
wherein:

the recording head comprises a plurality of recording
heads; and

the pressurization device is provided commonly for the

plurality of recording heads, on a furthest downstream

side of the recording heads in the relative conveyance
direction of the relative conveyance device.

9. The image recording apparatus as defined in claim 1,

further comprising a movement device which moves the

radiation irradiating device in at least one of a direction
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having a component substantially parallel to the relative
conveyance direction of the relative conveyance device, and
a direction having a component substantially perpendicular
to the relative conveyance direction of the relative convey-
ance device.

10. The image recording apparatus as defined in claim 9,
further comprising:

an amount-of-radiation modification device which modi-
fies an amount of the radiation emitted by the radiation
irradiating device; and

an amount-of-radiation modification control device which
controls the amount-of-radiation modification device in
such a manner that, when the radiation irradiating
device is moved by the movement device, an amount of
the radiation necessary to cure the recording liquid so
that an interior of the recording liquid has a liquid state
or a semi-solidified state is irradiated onto the recording
liquid on the recording medium, by means of the
pressurization device.

11. An image recording method, comprising the steps of:

ejecting a recording liquid having properties of being
cured by irradiation of radiation, onto a recording
medium,;

curing the recording liquid in such a manner that an
interior of the recording liquid deposited on the record-
ing medium in the ejecting step has a liquid state or a
semi-solidified state; and

pressurizing the recording liquid after the recording liquid
has been cured in the curing step in such a manner that
the interior of the recording liquid has the liquid state
or the semi-solidified state.

#* #* #* #* #*



